A procedure has been developed for determining the 0-methylated catecholamine metabolites, normetanephrine and metanephrine, in urine by use of radial-compression liquid chromatography followed by electrochemical detection. Normetanephrine and metanephrine are isolated from hydrolyzed urine by ion-exchange on small, commercially available, disposable columns and preconcentrated by solvent extraction. They are then separated by reversed-phase ionpair chromatography, with use of a radial compression cartridge and radial compression module, and quantified with 3-methoxy-4-hydroxybenzylamine as internal standard. Normetanephrine, metanephrine, and the internal standard are separated from interfering peaks in about 15 mm. The method is applicable to the relatively low amounts of normetanephrine (100-600 zg/24 h) and metanephrine (50-400 ug/24 h) found in normal subjects and patients with depressive disorders or hypertension.
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Assay of the catecholamines (epinephrine and norepinephrine), metanephrines (normetanephrine and metanephrine), and vanillylmandelic acid in urine for the diagnosis and characterization of pheochromocytoma or other neural crest tumors is well established (1) (2) (3) . More recently, however, determination of urinary normetanephrine and metanephrine has been found useful in disorders in which the amounts excreted are much lower than usually occur in these disorders. For example, Canfell et al. (4) showed that the mean rate of excretion of normetanephrine by hypertensive individuals is greater (100-600 pg/24 h) than that of normal persons (100-350 pg/24 h). They found no significant difference between mean values for metanephrine when hypertensive patients and normal subjects were compared. Other studies (5, 6) have shown that determinations of urinary normetanephrine and metanephrine (taken in conjunction with data on other catecholamine metabolites) may also be valuable in differentiating patients with various subtypes of affective (depressive) disorders. In these latter cases, it is essential to quantify concentrations of normetanephrine and metanephrine in the "normal" range reliably and to detect relatively small changes in the concentrations of these metabolites. Widely used colorimetric assays for normetanephrine and metanephrine (7) have several major limitations. They do not distinguish nor are they entirely specific for normetanephrine and metanephrine, and they are not sufficiently sensitive to quantify samples in which the total normetanephrine plus metanephrine concentrations are <500 pg/L. Recently, "high-performance" liquid-chromatographic assays for measuring normetanephrine and metanephrine in urine, with electrochemical detection (8, 9) or fluorescence detection (10), have been developed. Methods involving gas chromatography-mass spectrometry have also been pub- The present procedure, by virtue of the radial compression system, requires only about 15 mm for chromatography of each sample, permitting more specimens to be analyzed per day. Moreover, with the C8 radial-compression cartridge, the order of elution is favorably altered. no. FHUP 04700). The mobile phase is degassed by stirring at low speed for 2 h before use. The flow rate is 2 mL/min, and the detector potential is set at +850 mV vs an Ag/AgCl reference electrode supplied with the electrochemical detector.
Materials and Methods

Apparatus
To calculate the concentrations of normetanephrine and metanephrine, we measure the peak heights of each component as well as the peak height of the internal standard and plot the ratio of the height for each component to that of the internal standard.
We determine concentrations by compnson with normalized peak heights obtained with the standard urine poo1 or by comparison with a standard curve prepared from the standards in the saline solution, which 2Columns contain a proprietary Biorex-70 packing of wide mesh size (-50-250 tm)
we found give equivalent results, as discussed later.
To maintain optimal performance of the Radial-PAK cartridge,
we purge the injector, pump, and column with acetonitrile/water (8/92 by vol) for 15 mm, at a flow rate of 2 mL/min, at the end of each day.
Other Procedures
Urine collection.
Like the pooled urines, urine specimens for this procedure were collected over sodium metabisulfite and stored frozen until used. Alternatively, urine samples for determination of catecholamines and metabolites can be collected over 20 mL of acetic acidlwater (33/67 by vol); after the urine collection is completed, the pH is adjusted to 4-4.5 with additional acetic acid. The samples may then be stored at -20 #{176}C for as long as several months, without loss.
The amount of urine to be analyzed is determined by the total volume of the 24-h collection.
In general, when a 24-h collection exceeds 800 mL, use a 5-mL aliquot of urine. If the 24-h urine volume is <800 mL, dilute 2.5 mL of urine to 5 mL with reagent-grade water before analysis.
Sample preparation. Normetanephrine and metanephrine are purified according to the following procedure (essentially the same as that used for purification of these compounds in ref.
13).
Because metanephrines are mostly excreted in conjugated form, either as glucuronides or sulfates, they must be acid hydrolyzed before they can be absorbed on the resin column. Adjust the pH of the sample carefully to 6.5 (±0.05) with sodium hydroxide while mixing the sample with a magnetic stirrer. (Because it is important not to repeatedly overrun this pH by sequential additions of acid or base, the pH can conveniently be adjusted by sequential dropwise addition of 3 mollL sodium hydroxide to pH 3, then 0.5 moltL sodium hydroxide to pH 6, and finally by addition of 0.25 mol/L sodium hydroxide to pH 6.5.)
After the pH has been adjusted, pour each sample onto a new Bio-Rad catecholamine isolation column, which has been prepared by gently shaking it to resuspend the resin, allowing the resin to settle, and draining the column just before use. After the sample has entered the column, make two 10-mL washes with reagent-grade water, followed by 10 mL of the boric acid solution, and finally by 10 mL of reagent-grade water.
After the columns have drained completely, place them over 15-mL (16 x 125 mm) screw-cap centrifuge tubes containing 2.5 g of sodium chloride. Elute the normetanephrine and metanephrine with 5 mL of the ammonium hydroxide buffer, collecting the eluate over the sodium chloride.
Then discard the columns.
Extract the NaCl-saturated aqueous phase with two 6-mL portions of the ethyl acetate/acetone mixture, using a hori- 
Results and Discussion
This assay is based on modifications of the method of Shoup and Kissinger (8). The reagents and procedures are essentially the same as those for the "catecholamine by column" test procedure currently used in many laboratories for determination of total metanephrines (13). Figure  1 and carrying these samples through the entire procedure. As Figure 2 shows, the plotted data were linear over the entire range tested for both analytes and, more importantly, there was no difference in the curves obtained when results for a standard urine poo1 (corrected for contribution of endogenous normetanephrine or metanephrine) were compared with the standard curves obtained when normetanephrine and metanephrine were added to saline and taken through the entire extraction procedure. Evidently the assay can be simplified by preparing standards in saline rather than using a standardized urine pool and correcting for the endogenous contribution of the analytes. This we did, without problems. Table la gives details on the linearity of the assay and comparability of the standard curves, obtained on four days during a week. Table lb summarizes other data we obtained for standard curves obtained by use of aqueous-based standards, analyzed on 22 separate days during two months. These data indicate not only that the procedure is highly reproducible over long periods of time, but also that the Radial-PAK C8 cartridge and the electrochemical detector can be maintained under stable operating conditions during these intervals. Table 2 summarizes our data on analytical precision. Within-run precision was determined by analyzing five aliquots of the same urine pool specimen on five separate Tab'e 2. PrecisIon of Assay: Coefficients of Within-run Cv, a 2.9 Range 1.2-6.9 Between-run CV,'% 57
within-run CV is the average obtained from five analyses over a period of three weeks. Each analysis included five specimens of the same urine pooi. beenn CV is the average obtained from 20 separateanalysesof the same pooled urine specimen over a period of six weeks.
occasions during three weeks. The coefficients of variation (CVs) ranged from 1.1 to 2.2% for normetanephrine and 1.2 to 6.9% for metanephrine.
Between-run CVs were obtained by analyzing 20 separate aliquots of a urine pool during six weeks. This "control" specimen was included with each of 20 analytical runs, each of which included up to 15 specimens from patients. The CVs were 4.9 and 5.7% for normetanephrine and metanephrine, respectively.
Using the procedures outlined here, we were able to inject between 300 and 500 specimens (either urine specimens or aqueous-based standards and controls) before we noted substantial deterioration of the Radial-PAK C8 cartridge.
However, we found it essential to use reagents of the highest purity in preparing mobile phases, to avoid rapid deterioration of the cartridge.
For Data are also provided for urinary excretion of normetanephrine and metanephrine in 24-h urine specimens from depressed patients, determined by a differential spectrophotofluorometric method used previously in our laboratory (5). Evidently these methods exhibit good agreement for both normetanephrine and metanephrine. Among the specimens we analyzed by this procedure were 20 urine specimens for which we also had determined urinary normetanephrine and metanephrine concentrations Metanephrlne by our previous differential fluorescence method. often subject to interferences from "gross contamination," usually resulting in abnormally high fluorescence in both the blank and the test samples. The correspondence between these two analyses is extremely good when one considers the age of the specimens at the time of analysis by the present procedure.
CONCENTRATION ADDED (rng/L)
"High-performance" liquid chromatography and the electrochemical detector are rapidly becoming common equipment in the clinical laboratory.
The application of relatively simple and more specific methods for determination of the catecholamine metabolites normetanephrine and metanephrine may be useful, not only in diagnosis of pheochromocytoma and other neural crest tumors, but also in the differential diagnosis of hypertension but also at the relatively low concentrations found in normal subjects or in patients with psychiatric disorders (5, 6).
